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FOREWORD

The work reported herein was performed by the McDonnell
Aircraft Company (MCAIR) of the McDonnell Douglas Corporation
(MDC), St. Louis, Missouri, under Air Force Contract F33615--77-
C.-3140, for the Flight Dynamics Laboratory, Wright-Patterson Air
Force Base, Ohio. This effort was conducted under Project No.
2401 "Structural Mechanics", Task 240101 " Structural Integrity
for Military Aerospace Vehicles", Work Unit 24010110 "Effect of
Variances and Manufacturing Tolerances on the Design Strength and
Life of Mechanically Fastened Composite Joints". The Air Force
Project Engineer at. contract go-ahead was Mr. Roger J.
Aschenbrenner (AFWAL/FIBEC); in December 1979, Capt. Robert L.
Gallo (AFWAL/FIBEC) assumed this assignment. The work described
was conducted during the period 15 February 1978 through 15 April
1981.

Pt•ogram Manager was Mr. Ramon A. Garrett, Branch Chief
Technology, MCAIR Structural Research Department. Principal
Investigator was Mr. Samual P. Garbo, MCAIR Structural Research
Department.
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SSECTION I

S~ INTRODUCTION

One objective of this program was to develop a static
strength methodology for mechanically-fastened composite joints.
This volume documents user-options and instructions for a com-
puter program to analyze the effects of stress concentrations on
laminate strength. Entitled "Bolted Joint Stress Field Model"
(BJSFMI, it computes stress distributions on a lamina or laminate
basis for unloaded or loaded (bolt bearing) holes in isotropic or
anisotropic materials. Failure predictions based on lamina
properties and one of several failure criteria are possible.
This volume describes the formulation and input data requirements
and output options. Sample problems and a computer program
listing are also included.
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SECTION II

PROGRAM DESCRIPTION

The Bolted Joint Stress Field Model has been developed to
facilitate strength analysis of isotropic or anisotropic
materials at individual fastenei holes. Statire stronqth of an
anisotropic laninate with a fastener hole is predicted using a
closed-form analytic approach based on (1) elastit anisotroplP

theory of elasticity, (2) lamination plate theory and (3) one of
several optional failure hypotheses. The program has capability
to handle strength and stiffness anisotropy, general in-plane
loadings, as shown in Figure 1, multi-material (hybrid) laminates
and arbitrary hole (bolt) sizes. BJSFM modular substructuring is
illustrated in Figure 2. Input data required are: lamina mech-
anical properties, in-plane loadings, hole geometry, and hole
loading. Options are available which provide computation resultL
after each program block.

T'rie stress field calculations are based on two-dimensional
aiisotropic theory of elasticity solutions for a homogeneous,
anisotropic infinite plate. Laminate stress distributions around
an unloaded or loaded (bolt bearing) hole are calculated using
plane stress assumptions. Laminate stress and strain distribu-
tions for combined bearing and bypass loads are obtained using

the principle of superpqsition (Figure 3). Fastener bearing ik
idealized as a cosine radial stress distribution (Figure 4).
Finite width corrections for loaded holes are based on super-
position of infinite plate results as shown in Figure 5.
Infinite plate solutions are exact While corrections for finite

width joints are approximate and most accurate for width-to-
diameter ratios greater than four.

Laminate strains are calculated using material compliance
relations. Laminate compliance coefficients are determined using
lamination plate theory with unidirectional (lamina) elastic
constants, lamina orientations and thicknesses. Strains for
individual plies along lamina principal material axes are calcu-
lated using coordinate transformations. The solution is strictly
valid only for homogeneous media; however, it has been assumed
valid for mid-plane symmetric laminates.

Laminate failure is predicted by comparing elastic stress
distributions with any of five material failure criteria on a
ply-by-ply basis. Failure can be assessed at any location in the
field of the plate.

2



yA

\OFF AXIS
A' - LOADING ANGLE

Px

Pxy Gl~1.1

Figu 11 Q~-~g' ^Dr W ... JIu.. c

UNjiIDI RE CTI ONAL
MATERIAL (s) IN-PLANE UNIIDIRECTIONALI
PROPERTIES LOADINGS MATERIAL (s) I INPUT DATA

AND LAYUP ADHESIEALLOWABLES

CALCULATE

DCALCULATEO ULOADED HOLE

CLLrE CLUAE LAMINATE
LAMINATEPLAPLPELODDHE

STRAINU STESE AN PLLALR TTCSRNT

DISTRIBUITION STR LAIN RIEI

c#134111416

Figure 2. Bolted Joint Stress Field Model - BJSFM
Cornputer Program Flow Chart

3



r _tttt•rir

-1 0B

T

Proble'n of Interest Unloaded HMie Only Loaded Hole Only

Figure 3. Superposition of Lineoar.Elistlc Stress Solutions

VPR F Pcost)

OPlS4iis 12

Figure 4. Assumed Cosine Bolt-Load Distribution

4



Loaded Hole Unloaded Hole

Infinite Plate Infinite Plate

ii~ ~ 9/2wp2w it I I I

W - - - - -

P/2Wt P/2Wt

-w__ - -w -w-

+ p

P/2W~t P/2\Wt r/wt
OP13-0115.222

Figure 5. Superposition of Infinite Plate Results Approxlmates a Finite Width Joint

5



SECTION III

USER'S INSTRUCTIONS

Conversational interactive procedures are used for specify-
ing input data for operation of the BJSFM program which is pro-
grarmned to accept free formatted input data. A user may, after
becoming familiar with the input procedures, elect to delete
input instructions and receive only question marks, identifying
all required input data. Using the various output options, users
may receive as much or as little data as desired. The nature of
required input data is dependent on user-selected output data
options; the BJSFM program automatically adjusts its input data
requirements to accommodate each output data option.

Up to eight different ply orientations and three different
materials may be input. For each ply orientation, a correspond-
ing thickness must be specified as well as material for hybrid
laminates. Ply thickness may be either actual or a normalized
thickness. A mid-plane symmetric stacking sequence is assumed.
Zero degree plies are oriented parallel to the X-axis. Nomencla-
ture applicable to tie BJSFM is summarized in Figure 6. Positive
angles are mea:sured Lounterclockwise from the X-axis. All input
data units must be consistent.

Unidirectional lamina material stiffness properties ar-
required input data for each different material specified.
Unidirectional lamina strength allowables for each material are
required only if failure analysis is to be performed. If the
maximum strain material failure criterion is used, lamina strain
allowables must be input; otherwise, input lamina allowables are
in terms of stress.

Any set of in-plane far-field stresses may be applied to an
infinite anisotropic or isotropic plate (Figure 1). Bearing
stress direction is independent of far-field stress directions.

The BJSFM is only capable of handling finite widths for bolt
bearing problems; the width, W, is defined as perpendicular to
the bolt load direction (Figure 1). The stresses ualculated in a
finite-width bDlt bearing problem are approximate and most
accurate for width-to-diameter ratios greater than four. In
combined loading conditions, the finite width routine applies to
only the loaded hole portion of the problem. To obtain infinite
plate results for a load&d hole, input specimen width Ls s.0

The user must specify the "range" (between low and high) of
angular interval between locations around the hole for which data
will be calculated. This range must also be sudivided by user-
selected "degrees between output" to specify points -t which
calculations are to be made. "Step increments" are used to
obtain data at increasing distances away from the hole boundary.

6



Coordintoe Systems

X - Y Laminate Axis System Originating at the Center of the Hole. Zero Degree Plies are Parallel to the
X-Axis.

X - Y' Rotation of the X-Y Axis System for Application of Far-Field Stresses

1 - 2 Lamina Axis System; Fibers are Parallel to the 1 Axis and Transverse to the 2 Axis.

Vawiable Description (Units)"

El Lamina Modulus of Elasticity in Fiber (1) Direction (F/L 2)

E2 Lamina Modulus of Elasticity in Transverse (2) Direction (F/L 2)

G12 Lamina Shear Modulus (F/L 2)

V12 Lamina Poisson's Raiio

EX Laminatc Modulus of Elasticity in X Direction (F/L 2)

EY Laminate Modulus of Elasticity in Y Direction (F/L 2 )
GXY Laminate Shear Modulus (F/L 2)

VXY Laminate Poisson's Ratio
TI Lamina Allowable Tensile Strength in Fiber ,1) Direction (F/L2 or L/L)
C1 Lamina Allowable Compressive Strength in Fiber (1) Direction (F/L2 or L/L)

T2 Lamina Allowable Compressive Strength in Fnerse (2) Direction (F/L 2 or L/L)
T2 Lamina Allowable Tensile Strength in Transverse (2) Direction (F/L 2 or L/L)
C2 Lamina Allowable Compressive Strength in Transverse (2) Direction (FIL 2 or L/L)

S Lamina Allowable Shear Strength (F/L 2 or L/L)
PX Stress in X' Direction (F/L 2 ) - Independent of Input Thickness

PY Stress in Y' Direction (F/L 2 ) - Independent of Input Thickness

PXY Shear Stress (F/L 2 ) - Independent of Input Thickness

P Applied Bearina Stress (F!L 2) - P = Bolt Load/(Dia x Actual Thickness)

U Displacement in X Direction (L)

V Displacement in Y Direction (L)

W Specimen Width (L) - Bolt Loading Only

DIST Radial Distance from Hole Boundary (L)
Q Aagle of Applied Bolt Load with X Axis (i.e., Bolt Loading Angle)

03 Rotation Angle of X' - Y' Axes from X - Y Axis System (i.e., Off Axis Loading Angle)

0 Angle from X Axis to a Point Around Fastener Hole

0 Rotation Angle of 1 - 2 Axes from X - Y Axis System (i.e., Ply Orientation Angle)

All angular measurements are positive counterclockwise from the X axis.
* See also Figure 1.

Any consistent set of units may be used:
F - Force
L - Length

Figure 6. Program Nomenclature*
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The maximum input step increment is seven evenly spaced concen-
tric circles; the first step is always at the hole boundary.

The option to use any one of five different failure criteria
has been programmed into the BJSFM. Failure analysis is applied
on a ply-by-ply basis; therefore, only unidirectional (lamina)
allowables are required input data. Only the maximum strain cri-
t-erion requires the allowables to be input as strains; all others
ise stress allowables. Equations for each of the programmed
failure criteria are given below. When the right hand side of
any of the equations exceeds unity, failure has been predicted
for the ply. Tension or compression stress/strain allowables
used in each criteria are selected automatically, depending on
the sign of individual stress field components being evaluated.

Maximum Strain

C1 _2 712-- 1 -- 1 -- 1
F1  F2  F1 2

Maximum Stress

°1 1 r2 T12
-- =i -- =i -=I
FF FF 1  2 12

Tsai-Hill

(c,1)2 + 22 12,'~2  1 cl 2

Modified Tsai-Wu

2 2 2C 1 1Y 2 + +T 112- + + + 1Yt c t c F 2 F 2

F F F F2 t 1 12

8F
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Hoffman
2 2 FC tF t

G1 02 01(2 F1 1Ft F2 F 2

t c F t c + FIt c + 2t c 2
FltF1  2F 2 F2F 1  F1 tF 1  F 2 tF 2

2
-t 12_

1
2

An example printout of the "conversational" language used to
request input data is shown in Figure 7.
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RNH
IDO YOU WANT INSTRUCTIONS?

?YES
SELECT DESIRED OUTPUT FROM THE FOLLOWING CASES.

I CARPET PLOT DATA
2 LAMINATE PROPERTIES
3 LAMINATE STRESSES
4 LANII NATE STRAI NS
5 CIRCUMFERENTIAL & RADIAL STRESSES/STRAINS
6 DISPLACEMENTS
7 STRAINS PER PLY
8 STRESSES PER PLY
9 FAILURE CRITERIA PER PLY

10 AUTOMATIC SEARCH FOR FAILURE
?2,3,4,5,6,7,8,9,10

INPUT NUMBER OF DIFFERENT PLIES TO BE INPUT (8 MAX) AND
NUMBER OF DIFFERENT !ATERIALS (3 MAX)

?4,1
INPUT THE UNIDIRECTIONAL MATERIAL PROPERTIES FOR EACH f1ATERIA1,
IN THE FOLLOWING ORDER: El, E2, G12, POISSOrlS RATIO

?18.85E6,1.9E6, .85E6, .3
INPUT THE UNIDIRECTIONAL AL!JOWIABLES FOR EACH MATERIAL
IN THE FOLLOWIING ORDER: T1, C1, T2o C2, SHEAR

7230000, 320000, 28200,32300,17300
INPUT THE ANGULAR ORIENTATION OF EACH PLY

?0.,45.,-45.,90.
INPUT THE THICKNIESS OF EACH PLY

?.5, .2# .2# .1
INPUT: FAR FIELD STRESSES PX.PYPXY. OFF NXIS ANGLE, BEARING S', "LSS
AND DOLT LOADING ANGLE.

?10000.,0., 2500., 45., 50000., 10.
I'PUT WIDTY! (0.0 FOR INFI'IITE PLATE)

71.5
INPUT BOLT DIAMETER, DEGREES BETWEEN OUTPUT, LOW RANGE. ;!IG1I RANGE,
STEP INCREEVIT AND "UtiBER OF STEPS DESIRED (7 MAX)

?.25,30. ,0. ,360. , .02,2
INPUT THE NUMBER WHICH CORRESPONDS TO THlE FAILURE CRITERIA
YOU WlISHl TO USE
I MAXIMUM STRAI 4
2 MAXIMUM STRESS
3 TSAI-HILL
4 MODIFIED TSAI-WU
5 HOFFMAN

73

Figure 7. Example Input Instructions

10
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SECTION IV

OUTPUT OPTIONS

Various output options are available for user selection.
The user may select any or all of the following options by input-
ting the appropriate number(s):

1. Carpet Plot Data
2. Laminate Properties
3. Laminate Stresses
4. Laminate Strains
5. Circumferential and Radial Stresses/Strains
6. Laminate Displacements
7. Strains per Ply
8. Stresses per Ply
9. Failure Criteria per Ply
10. Automatic Search for Failure

A brief description of each output option follows.

Option #1 - Carpet Plot Data - The carpet plot data routine
will automatically vary the layup of a user iniput 0°/'+/90"
laminate family and calculate any one or all of the other output
options (2 through 10) for each layup. Sixty-six diEferent
layups are automatically calculated in thiL routine; therefore,
large amounts of data will be generated when using this output
option.

Option #2 - Laminate Properties - Laminate stiffness proper-
ties are calculated using the unidirectional material elastic
constants, ply angular orientations and ply thicknesses. These
properties are calculated with respect to the X-Y axes and are
the same as would be obtained using conventional lam'lination
theory approaches.

Options #3 and #4 - Laminate Stresses/Strains - Laminate
stress and strain distributions are available as output at points
around the perimeter of the hole and at other user-specified
concentric circles about the hole boundary. Principal st.resses
and strains are also calculated. All output is referenced. to the
X-Y axes. Points are located by the radial distance away from
the hole boundary and the angular orientation from the X-axis
(Figure 8).

Option #5 - Circumferential and Radial Stresses/Strains -
Circumferential and radial laminate stresses and strains are
calculated by a coordinate transformation. Output is in polar
coordinates.

11



Y

( X-Y)

EXAMPLE BJSFM OUTPUT:

LAMINATE STRESSES I
DIRT ANGLE X STR(ESS Y STRESS SIIEAR MAX. MIN. DIRECTION

STRESS PRINCIPAL PRINCIPAL
0.000 0.00 -62613.22 44412.49 -9.44 44412.5n -62613.23 .01

0.000 30.00 -401'51.39 -,11.39 -3470n. 37 11`54.04 -591324.32
0.nc)0n (.0.n -6f01.G -29542.53 -1969n.77 45SI.17 -

.n,)o0 90.00 5.1351.OR -11003.21 -9.44 513"
0.000 12n.no 4n127.47 16n33.31 ?7713.4 4

I 150.00 9612.46 21147.34

Figure 8. Laminate Stress Distribution Output Data Option

Option #6 - Laminate Displacements - Displacements for each
point are output as U and V, which are displacements in the X and
Y directions resipectively. Due to limitations in the derivation,
displacements for the loaded hole case shall be considered accu-
rate only within approximately three times the diameter of the
fastener. Unloaded hole displacements are exact throughout the
plate.

Options #7 and 8 - Strains/Stresses per.- Pl- Strains and
stresses per ply are calculated and output i.n the lamina (1-2)
coordinate system. Each ply is identified along with the loca-
tion of the point around the hole for which stresses/strains ar,
calculated (Figure 9).

12



C2

- -

EXAMPLE BJSFM OUTPUT:

STRAINS PER PLY -

DIST ANGLE PLY' STRAIN I STRAIN 2 SHLER STRAIN

0.000 0.00 0.00 -. 007128 .011127 -. t000004
0.000 0.00 45.00 .001903 .002001 .01R254,,

0.000 0.00 -45.00 .002001 .001990 -. 01r11
0.000 0.00 9C.00 .011127 -. A.. - _
0. ),0 3,0.00 0.00 o( -. n3509

QP1 $,111-mi

Figure 9. Ply-by.Ply Strain Distribution Output Data Option

Option #9 - Failure Criteria pe_ Ply - Failure criteri.a per
ply option applies the user-selectedc material failure criterion
(max. stress, Tsai-Hill, etc.) to each ply using the input
material allowabies. The "failure number" obtained as output
data irdicates the value calculated by the failure criterion
using the stress or strain components at a point. A failure
number equal t- or greater than one predicts ply failure. The
program automatically selects tension or compression allowables
depending on the sign of individual st'ress/strain components
being evaluated. "Failure ratios" are output which indicate the
relative magnitude of contributing stress components to the
overall failure number. Therefore, failure can be assessed as to
which stress component is most significait. These failure ratios
are in terms of the lamina (1-2) coordinate system.

13



Option #!0 - Aut,,,mtic Search for Failure - The automatic
soarc ar A25 fr-e routine will kiearch over a user-specified
range at each ankular inczement for the moot critical single
point as calculatel by the mateirial failure criterion. Search
fori failure is onl, done at the first stop increment away fromr
the hole boundary. Therefore, if a search for failure is to be
performed at the bou,\dary of the hole, the step increment must be
input as 0.0. The N•rogram will automatically ratio the input
stretis field until first Fly failure is predicted. Output is the
in-plane stresses at ,hich failure is predicted al-ing with the
angul.%r orientation of the predicted failure location. Failure
numbers are also given for all other plies at the critical ply
failure initiation angle, Failure ratios are also output.

14
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SECTION V

PROGRAM LIM:fATIONS

The following are the limitations o! the BJSFM program.

o Strictly valid for homogeneous anisotropic flat plates
and assumed valid for mid-plane symmetric laminates.

o Displacements inaccurate at points more thain three times
the hole diameter away from the hole boundary for loaded
hole cases.

o Stress fields inaccurate for width-Lo-diameter ratios
less than four.

o Maximum of eight different ply angular orientations
(input).

o Maximum of three different materials for hybrid laminates
(input).

o Maximum of seven steps away from the hole (output).

The following equation must be satisfied to obtain valid output.

[(High Range)-(Low Range)]/(Degrees Between Output) <72

The following data must be input as integers:

Output Option Numbers
Number of Different Plies
Number of Different Materials
Material Number
Number of Steps
Failure Criteria Number

I
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SECTION VI

EXAMP'LE PROBLEMS
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yI
1D0 YOU WAuT IMSTRTUCTIOISU

?Yug
Ca.UCI DESIREo OUTPUT rROM THE rOuozyO cAScS.

I CARPET PLOT DATA iO
2 LAMIVATE PROPERTIES

LAMINATE STRESSES XBearing " :
4 IAMINATE STRAINS
S CI RCUKFRHT IAL & RADIAL STR82815/ ETRAIN OPSe
6 DISPLACE4ENTS 1.5 in. o0 Plies
7 STRAINS PER PLY
* STRESSES PER PLY
9 FAIL1?RF CRITRRIA PER PLY

10 AUTOMATIC SEARCHI FOR FAhIF.RE
74.6

INPUT Nt*IU1R Or DIFFERENT PLIES TO DE INPUT (6 MAX) AND
"OMCER Or DIPEReNT MATERIALS (3 MAX)

74.1-g
xWP'T THE UNIDIRETIONAL MATERIAL PROPERTIES F ZO EC MATERIAL

I TH OLL01VIG ORDCEts El. NZ. 0112. P01550115 RATIOS""71:'.85•6, l • o..S5E6o .3
/ I.rNPUP ME'IP ANGULAR ORIRNTATION Or EACH PLY

l 70- 0.45. ,-45., 90, .

1-! THE THICK1ES8 OF EACH PLY I--42% - 00 Plies, 50% - ±450 , 8%- 90 0
"7 .25,.25,.00 -

IIAPUTI FAR FIELD STRESSES EPX.PY. PXY. OrF AXIS ANGIE, SEARING STRESS
AtID DOLT LAOADVIG ANGHL.

10O,.0.0. O50S000., 20.

INPUT WIDTH (0.0 FOR INFINITE PLATE)
71.5

INPUT DOLT DIAOETER, DI0REIS DETWEEN OUTPUT. LOM RANGE, HIGH RANGE,
STEP INCREIENT AND lMASER OF STEPS DESIRED (7 MAX)

7.25. 30.,0.-90.- .02.3

LAMINATE STRAINS (Output Option No. 4)

DIST ANGLE X STRAIN Y STRAIN SHEAR MAX. NITI. DIRECTION

STRAIN PRINCIPAL PRIICIPAL
O.'001 0.00 -. n06927 .007109 .000001 .n071n9 -. 006927 -. 00
O.o0o IL,.i: 01 -. 004137 .OOIqi8 -. 012340 .00s70S -. 008005 13.20
0. 000 6o0OOJ .001704 -. 006583 -. 010110 .00099 -. 008979 -33.87
0.000 90"•0.O0 .OO5512 -. 006573 .000001 .005512 -. 006573 .01
.020 0.00 -. 00C5642 .OOS,6( .000253 .005767 -. O05643 -1.27
.020 30.00 -. 003419 .001412 -. 009993 .004546 -. 006554 38.21
.020 60.00 .001920 -. 005O07 -. 009304 .003762 -. 007443 -32.02
.020 90.00 .003843 -. 004336 .001080 .003949 -. 004442 12.34
:040 0.00 -. 004698 .004788 .000437 .004793 -. 004703 -2.63
.040 30.00 -. 002855 .- 01130 -. 000420 .003795 -. 005320 38.34
.040 60.00 .001898 -. 004792 -. 006542 .003231 -. 005125 -31.46
.040 90.00 .002845 -.003110 .001057 .0029a6 -. 003259 15.96

OzSPLAcDmmEs (Output Option No. 6)

DIST ANGL U V

0.000 0.00 .000794 -. 000080
0.000 30.00 .000943 .000342
0.000 60.00 .000691 .00535
0.000 90.00 .000215 .000294

.020 0.00 .000655 -. 000093

.020 30. 00 .000794 .000300

.020 60 00 •.00051 .000471
.020 90.00 .000058 .000234
.040 0.00 .000S38 -. 000104
.040 30.00 .000668 .000268
.040 60.00 .000378 .000419
.040 90.00 -. 000045 .000192

DO YOU WISH TO CONTINUJ?
79O

STOP

Figure 10. Loaded Hole Case
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100 YOU IIAIT INSTRUCTIONS?

Ma, Y
SELECT DESIRCr OUTPUT FROM THE FOLLOWING CASES.

I CARPET PLOT DATA
2 LAMI EIATE PROPERTIES
3 L.mx tI ATC STRESSES100

4 LAMIRATE STRAINS
s CIRCUmFER,3TIAL & RADIAL STRESSES/STRAINU
6 DISPL.AC•IPNTS
7 STr.AINS PER PLY X
8 STRESSES PER PLY
9 FAILURE CRITERIA PFn1 PLY

10 AUTOMATIC SEARCH Fr)R FAILURE
73.5

INPUT NUiJER OF DIFFERENT PLIES TO BE INPUT (8 MAX) AND
NUMBER OF DIFFEREVT MATERIALS (3 MAX)

/I--[-R- THE UNIDIRECTIONAL, MATERIAL PROPERTIES FOR EACH MATERIALI N THE FOLLOWING ORDER, El, E2, 012, PoIsBONs RATIO Isotropic Properties
' 71.0"- 0"E6' 3'85E6' "3 • Elu

INPUT THE ANGULAR ORIENTATION OF EACH PLY (E = E2, G E
70. (EltIN OR=R E2, G2 =12 iOUOIRTOIorpcPoet

-INPUT TilE THICKNESS OF EACH PLY

16PUT. FAR FIELD ST7ESSES PXPY.PXY, OFF AXIS ANGLE, BEARING STRESS
AND DOLT b0A;)jNG AtIGLE.

710000..0..O0.,0.0..0.
INPUT BOLT DIAtIETER. DEGREES BETWEEN OUTPUT, LOW RANGE, HIGH RANGE,
STEP INCREMENT AND NUMBER OF STEPS DESIRED (7 MAX)

F r.JLLAMIINATE STRESSEcS (Output Option No. 3)
DISTJ ýANGLE. X STRESS y STRESSq SH"VR Kk MiN. DIEThW nIO

0. 0 STRESS PRINCIPAL PRINCIPAL
0.0OO L 0.00 -. 00 -10000.00 0.00 -. 00 -10000.00 0.00
0.000 15.00 -490.49 -6031.64 it ,0.53 -. 00 -7322.13 15.00
0.0001 30.00 -. 41 -1.22 .70 -. 00 -1.60 30.00
0. 000 Lr 45. 00 5001.62 5001.62 -50)1.62 10003.25 -. 00 45.00
0.000 L60.00 15003.65 5001.22 -86,,2.36 20004.87 .OC -30.00
0.000 75.00 25480.07 1830.02 -68.9.72 27318.88 .00 -15.00
0.000 90.00- 29993.51 -. 00 -. 00 29993.51 -. 00 -. 00

CiRCUMF£RENTIAL AND RADIAL S":;ESSES & STRAINS (Outpui Option No. 5)

DIST ANGLE THETA PRADIAL SHEAR THETA RADIAL SHEAR
STRESS STRESS STRESS STRAIN STRAIN STRAINI

0.000 0.00 -10000.00 -. 00 0.00 -. 001000 .000300 0.000000
0.000 15.00 -7322.13 -. 00 -. 00 -. 000732 .000220 .000206
0.000 10.00 -1-62 -. 00 .00 -. 000000 .000000 .000000
0.o0n 45.00 10003.25 -. 00 .00 .001000 -. 010299 -. 000000
0.000 60.00 20004.87 .00 .00 .002000 -. 000599 .000562
0.000 75.00 27318.88 .00 .00 .002731 -.. 000019 .000767
0.000 90.00 2q993.51 -. 00 -. 00 .002999 -. 000960 .000000

DO YOU WISH TO CONTINUE?
?NO

SlOe

OP13-011&-221

Figure 11. Isotropic Unloaded Hole
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Y

PY PXY

PX

IDO YOU WANT INSTRUCTIOM!S7
?YES

SELECT DESIRED OUTPTrr FROM THE FOLLOWING CASES. 0300
1 CARPET PLOT DATA
2 L'vINAT- PROPERTIES x
4 LA'IINATE STRAINS +45°
5 CIRCUHFERENtTIAL & RAI)IAL STRESSES/STRAINS 0 0
6 DISPLACEMEN;TS0
7 STRAINS PER PLY

a1 STRESSES PER PLY gooQ %
9 FAILURE CRITERIk PER PLY

10 AUTOMATIC SEARCH WOa: FAILURE
?10

INPUT nUinDER OF DIFFERENT PLIES TO BE INPUT (8 MAX)

AND NUBER OF DIFFERENT lIATERIAL, (3 MAX)

ii'u E UNIDIRECTIONAL MATERIAL PROPERTIES FOR EACH
MATERIAL IN TIHE FOLLOWING ORDERs El, E2, G12, POISSONS RATIO
18BSE6E 1..E6, .85E6, .3

PUT Tile UNIIIRECTIONAL AILOWJABLES FOR EACH MATERIAL.

t3 TIHE FOLL-XIING ORDERo TI. Ci, T2, C2. SHEAR
72.3ES,3.2E5.2.82E4, 23E4, 1.73E4

INPUT TilE ANGULAR ORIENTATION OF EACH PLY

M0.,45.--45.,90.
INPUT THE TiIICKtNESS OF EACH PLY

- 7 .5, .2,.2, .1
INPUT& FAR FIELD STRESSES PX.PY.FXY, OrF AXIS ANGLE, BEARING STRESS
AND DOLT LOADING ANGLE.
10000.,500..2500.,30.,35000. .10.
INPUT WIIDTHl (0.0 FOR INFINI'E PLATE)

70.0
INPUT BOLT DIAHETER, DEGREES BETWEEN OUTPUT, LOW RANGE, HIGH RANGE,
STEP INCREiENT AND NUMBER OF STEPS DESIRED (7 MAX)

?.25S..O.,360., .02.2
I,ý~riuEtUt;7. WHICH COr"E'S.ONDS TO THE FAI L!RF (tRITERIA

YOU WISH TO USE
1 MAXIMUli STRAIN
2 AIXIMIUM STRESS
3 TSAI-HILL
4 MODIFIED TSAI-WU- Input Stresses are Ratioed
5 HOFFM3 N Uniformly Until First Ply

?3 Failure is Predicted

AUTOMATIC SEARCH FOR FAILURE (Output Option No. 10)

FAILtRE STRESSES
PX PY PXY P

17243.40 062.17 4310.85 60351.88 "

DIST A NG LE PLY YAILURE FAILURE RATIOS
NUMBER 2 SIHAR

.020 335.00 0.00 .355 -. 210 .,$6 .053

.020 335.00 45.00 .999 .811 -. 131 .537

.020 335.00 -45.00 .730 -. 400 .650 -. 628

.020 335.00 9 1.00 -. 075 -. 78 /

IIndicates Ply Failure -Depicts Relative Magnitude ofL -Failure Initiation Location Angle Stress Components to Failure Number

-User Specified Distance Away from Hole
at Which Failure is Predicted

Note: The "search" is only done within the user specified "range" with an accuracy ,t 1/2 the
"degrees between output" in locating failure initiation.

GP 1"-1 15-219

Figure 12. General Loading! Condition
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SECTION VII

PROGRAM LISTING
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TCI BOLTED JOINT STRESS FIELD MODEL (BJSFM)

C TIIISPROGRAM COtIPUT1ES LA!IINATE STRESS AND STRAIN DISTRIBUTIONS
C AROUND LOADED AND UNLOADED FASTENER HOLES. THE PRINCIPLE OF

C SUPERPOSITION IS USED TO OBTAIN STRCSS/STRAIN DISTRIBUTIONS
C FOR A GENERAL APPLIED LOADING. OPTIONAL FAILURE ANALYSIS
C ROUTINES ALLOWS LkAMINATE STRENGTHl PREDICTIONS USING VARIOUS
C MATERIAL FAILURE CRITERIA AND HIYPOTHIESES. PROGRAM '1AS

C D)EVELOPED BY Jd.O4.GONWASKI OF MCDOUNELL AIRCRAFT CO.,

C STLUS ISUI
C
C

PROGRAMl I3SFM( INPUT=100,OUTPUT=150,TAPE1OS-INPUT, TAPE5-INPUT,
1TAPE IO00OUT PUT, TAPE 6)

C
COr4tiON/OaIE/El(3),C2(3).Gl2(3),V12(3)
COMtION/ TWO/ IOUT( 15), NUHPLY, NUMMAT, ANG(9) ,PLYTIK (9) ,MATI D(8)
COM?¶lON/TiiREIE/lNýG, IT.O1J,IHlIGi, STPI NK, ~t4USTP
COIMOMN/FOUR/PX,PY,PX.Y,P, PW,ALPTIA, BETA, DIA,CORRECT
COýIrION/FIVE/FXT( 3), FXC( 3), FYT( 3), FYC( 3), FXY(3) ,IFAIL

COMMON/ SIX/AI (3, 3)
COMH!ON/ SEVEN/ S(3, 3)
COrIh40N/EIGIIT/STRESS(3, 7, 73) ,STRAIN( 3,7, 73)
COM!tiON/NINEL/STR1(B, 7.73) ,STR2U9, 7, 73) ,STR112(B, 7.73)
INTEGER ANS,ANS2,Y-ES
REAL IANG. ILOW I!!I~II

C
DATA YES/'YES'/,NO/'11O'/

10 CONTINUE
OUTPUT(6P1D0 YOU ýIAIIT I.NSTRUCTIONS?'
READ (5, 2 0)AN!,

30 FORMAT(' EETDSRE UPTFOMTEFLOIN AE./

IF(ANS.EO.YES) IIRITE(6,30)

1' 1 CARPET PLOT 0ATA*/' 2 LAMINATE PROPERTIrS'/' 3 '

2'LAMIUATE STRESSES'/' 4 LAMINATE STRAINS'/' 5 C17,CUMF"'
3'ERENTIAL & RADIAL STRESSES/STRAINS'/' 6 DIqPLACEIIENTFý'/,
4' 7 STRAINS PER PLY'/' 8 STRESSES PER PLY'!,
5' 9 FAILURE CRITERIA PER PLY'/' 10 AUTOMATIC SEARCH! FOR '

6'FAILURE' )
C

DO 40 L=1, 15
IOUT(L)0O

40 CO:JTIWJE
REAM(S, )(IO)UT(L),L=1,10))

IF(A:JS. EQYr.Y'5) WRITE(5, 50)

50 FOIVIAT(' INPUT NUMIBER OF DIFFERENT PrLIES TO 3L~ INPUT (0 MAX)',
1' AI''NUM!3ER OF DIFFERF'IT MATERIALS (3 PlAX)')

READ (5 , )T1UMP.Y ,t4U liMA-

IF(ANIS.EQ.Y!-.r) tJRITrU(5,GO)
60 FORMlAT(' INPUT TUil, UJII)IRECTIOIAL, !ATERIAL PROPCRTIrS FOR '

1'EACTI '.ATrRIAr..'/' IN T'IE FOLLOWINIG ORDER: El, E2, G12, '

2'POISSONS RATIO')

C READMS, ) (EI(L),E'(L) ,Gll(L),V12(L) ,L-1,IUZrIiAT)
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C - --
TrýANS.eQ.YES.AND.PUTOUT(IOUT,9).Ge.l.) WRITE(6,70)

70 FORMAT(' INPUT THE UNIDIRECTIONAL ALLOWABLES FOR EACH '

1'MATERIF.L'/' IN THE FOLLOW'ING ORDER: TI, Cl, T2, C2, SHEAR')
IF(PUTOUT(IOUT.9).GE.1.) READ(5, )(Fx1'(J).FXC(JlFYT(J),

1FYC(J),,-XY(J).J'm1.NUMMAT)

C INPUT ANGULAR ORIENTATION, THICKNESS AND MATERIAL
C IDENTIFICATION PER PLY
C

IF(ANS.EQ.YES) WRITE(6,80)
80 FORMATC' INPUT THE ANGULAR ORIENTATION OF EACH PLY'!~

READ(5, )(ANG(L),L-1,NUMPLY)
C

IF(ANS.EQ.YES) WRITE(6,90)
90 FORMAT(* INPUT THE THICKNESS OF EACH PLY')

READ(5, ) (PLY'rHK(J),J-1,NU?4PLY)
100 CONTINUE

C
IF(NUMMAT.NE.1) GO TO 12Cs
DO 110 L-1,NIJMPLY
MATID(L-u'

110 CONTINUE
GO TO 140

120 CONTINUE
C

30IF(ANS.EO.YES) WRITE(6,130)
10FORMAT( INPUT THE MATERIAL NUMBER FOR EACH PLY')

READ(5, ) (MATID(L),L-1,NUMPLY)
140 CONTINUE

IF(PUTOUT(IOUT,3).EQ.O.O) GO TO 200

IF'ANS.EO.YES.AND.PUTOUT(IOrJT,3).GE.1.) WRITE(6,150)
150 FORMAT(' INPUT: FAR FIELD STRESSES PX.PY,PXY, OFF AXIS ANGLE,',

1' BEARING STRESS'/' AND BOLT LOADING ANGLE.')
IF(PUTOUT(IOUT,3)I.GE.1.) READ(5, )PX.PY.PXYBETAPALPHA

C
IF(ANS.EQ.YES.AND.P.NE.O.O) WRITE(6,160)

160 FORMAT(' INPUT WIDTYH (0.0 FOR INFINITE PLATE)')
iF(purouT(IOUT.3).GE.I..AUTD.P.NE.0.0) READ(5, )W

C
170 CONTINUE

IF(ANS.EQ.YES.AND.PUTOUT(IOUT.3).GE.1.) WRITE(6,190)
180 FOR1NAT(' INPUT BOLT DIAIIETER. DEGREES BETWEEN OUTPUT, LOW'

1'RANSE. HlIGH RANGE,'/' STEP 1INCR0MENT AND NUMBER OF STEPS'.
V' DESIRED (7 SAX)')

C
IF(PUTOUr(IOUT,3).GE.1.) READ(5, DIA.IANGILOVW.IHIGH,

1STP INK, NUMSTP
C

IF(NUMSTP.GTc7) NUMSTP-7
RANGE-( IIIIGH-ILcAl) /IANG
IF(RANGE.GT.72) OUTPUT(6)' DEGREES B3ETWEEN OUTPUT TO 3!1ALL; '

1' TRY AGAIN'
IF(RANGE.GT.72) GO TO 170

C
BL=-P* DIA
PWUO *

IF( P.NE.O0.0AND.W.NE.0.0) PW-DL/ (2.0*W)

IF(WD.LT.4.O.AND.W.NE.O.O) OUTPUT(6)' CAUTION: WIDTH-TO-DIAMETER'

1' RATIOS LESS THAN 4 GIVE ERRONEOUS RESULTS*
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C
IF(AIJS,-.EQ.YEFS.AND).PUTOUT(IOUT,9).GE.I.) WRITE(6,190)

190 FORPIAT( - INPUT T4-E NUMBER1R l~JHICH CORRESPONDS TO THIE ,I
1'FAIUJRE CRITERIA '/' YOU WIS11 TO USU'/' 1 MAXIMUM STRAIN-/,
2' 2 MIAXIMUl1 STRE~SS'/' 3 TSAI-1IIL.2/- 4 MODIFIED
3'TSAI-'.JUl/' 5 TIOFFT1AWN
IF(PtJTOUT(IOUT.9).GE.1.) READ(5, )IFNIL

C
IF(PUTOUT(IOUT, 10) .EQ.2.) -4UMSTP-2

200~ CONT-6I'lU C

C CARPET PLOT ROUTIIIE
C

IF(PUTOUT(IOUT,1).N1E.2.) GO TO 240

ANG1=ANG(l)
A!1G2-ANG( 2)
AtIG3=ANG( 3)

A1IG4=?ANG( 4)

&PLYT2-PLYTIIK( 2)
P~LYT3=PLYTIWK( 3)
k'LYT4-PLYTIIK (4)
DO 230 JKI=1.11
FORFIV=- *

DO 270 IJK=1,11
ANG( 1)=ANG1
ANG( 2)=A?4G2
ANG( 3)=AN1G3
ANJG( 4)=AtNG4
k'LYTHK(1 )=PLYT1
PLYTH*'(2 )=PLYT2
PLYTIII((3) =PLYT3

PLYTIK(4 )=PLYT4
NUMPLY=4

k'LYTHK( 1 )=1 . 1-JKI* .1

CH-ECK=FORFIV+PLYTHK( 1)
IF(CIIECK.GT.1.0) GO TO 280
PLYTllX( 2)=FORFIV/2.
PLYTHK( 3)-FORFIV/2.
PLYTtIK(4)1 .0-PLYTIIK(l)-FORFIV
IO=PLYT!IK() )*100. 4
145-PLYTIIK(?9)*200.4
190=PLYT;IK(4) *100.4
IF(IO.NE.0) GO TO 210
NUMPLY-NUM PLY- 1
PLYTHK(1 )=PLYTHK( 2)
PLYTlIK(2 )=PLYTfHK(3)
i'LYTiK ( 3 )=PLYTllK (4)
ANG( 1)=ANG( 2)
A.NG(2)=N.NG( 3)
AIIG( 3 )ANG( 4)

210 CONTINUE
IF(145.NE.0) GO TO 220
!lJMPLY=NUHPLY- 2

IF (1UM PLY. EQ. 1) PLYTIIK(1)=PLYTIIK(4)
IF('NUMPLY.EQ-1) ANG(l)=ANG(4)
PLYTI!K(2 )-PLYTHiK(4)
AIIG( 2)=AIZG(4)

220 CONTINUE

IF( 190.EQO0) IUMPLY=NUMPLY-1
IF(PUTOUT(IOUT,W).EQ.2.) WRITE(6,130) 10,145,190

230 FOR1MAT(//25X,'LAYUP: ',13,'/*,13,'/',13)
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C
C BRANCHES TO OTHER SUBROUTINES
C

240 IF(PUTOUT(IOUT,2).EQ.O.) GO TO 260
AL PH-AL PH A
CALL AOD(ALPTH)

C
CORRECT-I .0
DUMMY-PUTOUT( lOUT. 98)

250 CONTINUE
IF(PUTOUT(IOUT,3).EQ.0.) GO TO 260
CALL LAMSTR

C
IF(PUTOUT(IOUT.7).EQ.0.) GO TO 260
CALL PLYSTR(IFAML)

C
IF(PUTOUT(IOUT.9).EQ.O.) GO TO 260
CALL FAILURE

C IF(PUTOUT(IOUT. 10) .EQ.2.) DUMMY-PUTOUT(IOUT,99)

IF(CORRECT.LT..999.OR.CORRECT.GT.1.001) GO TO 250
C
C

260 CONTINUE
DUMMY-PUTOUT (I OUT ,-98)
IF(PUTOUT(IOUT,1).ME.2.) GO TO 290

C
270 CONTINUE
280 CONTINUE

290 CONTINUE

CI
OUTPUT(6)' DO YOU WISH TO CONTINUE'?
READ(5,300) ANS2

300 FORMAT(A3)
IF(ANS2.NE.MO) GO TO 10

C
C
C

STOP
END

C
C
C

FUNCTION PUTOUT(IOUTD IN)
DIMENSION IOUT( 15)
1'UTOUT-O.
DO 10 J-1,15
IF(IOUT(J).GE.IN) PUTOUT=1.

10 CONTINUE
DO 20 J-1,15
IF(IOUT(J) .EQ.IN) PUTOUT-2.

20 CONTINUE
IF(IN.EQ.98) DATA=0.0
IF(IN.EQ.99) DATA-1.O
IF(DATh.EQ.1.O.AlTD.IN.LT.10) PUTOUT-O.5
RETURN
END
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CI
C

CI
SUBROUTINE ABD (ALPHA)

C

COMM4ON/ONE/ EL(3) *E2 (3) * 02(3),*Vl2(3)
COMiMON/TWO/ IOUT( 15) .NUMPLY.NUMMAT.ANG(8),*PIY'HK(B) .MATID(8)
COM14ON/SIX/AJI (3, 3)
CO~t41N/SEVEN/S( 3,3)

C
Cj

DIMENSION V21(3) .D!V(3) .011(3) .022(3) .012(3) .066(3) ,Ul(3).
11J2(3).U3(3),U4(3),U5(3).QBAR(8,3,3).ZZ(16).Z(16),Q(3.3),
2AA(3,3) .A(3.3)

C REDUCED STIFFNESSES FOR EACH MATERIAL

C
DO 10 Minl.NUMMAT
V21(M)-E2(M) *V12(M) /E1(M)

Q11(M)-El(M) /DIV(M)
Q22(14)-E2(M) /DIV(M)

066(M)-Gl2(M)
10 CONTINUE

CIC INVARIANT PROPERTIES
C

DO 20 M-1,NUB?4AT

U1(M)-( 3.*Q11(M)+3.*022(M)+2.*Q12(M)+4.*066(M) )/8.

U3(m)-(.211(M)+Q22(M)-2.Q012(M)-4.*2)66(M) )/B.
U4(M)-('211(Hi)+Q22(M)+6.*Q12(M)-4.*Q66(M) )/8.

US(M)m(O:11(M)+022(M)-2.*Q12(M)+4.,*066(M) )/8.
20 CONTINUE

C
DO 30 1-1,3
DO 30 J-1,3
A(I.J)=0.
AA(I,J)-0.

30 CONTINUE
C
C TRANSFORMED REDUCED STIFFNESSES PER PLY
C

THICK-0.
DO 40 L=1,NUMPLY
DEGMI4G(L) *3.1415926535/180.0
ti-MATIt)(L)
QBAR(L.1,1)uUl(M)+U2(?~l)*COS(2.*DEG)+U3(M)*COS(4.*DEG)
QBAR(L, 1,2)=U4(M)-U3(M)*COS(4.*DEG)
0T3NR(L.2,2)=U1(M)-U2(M)-COS(2.*DEG)+U3(M)*COS(4.*DEG)
OBAR(L,1.,3)=.5*TJ2(M)*SIN(2.*DEG)+U3(M)*SIN(4.*DEG)
OBAR(L,2,3)u..5*U2(M)*SIN(2.*DEG)-U3(M)*SIN(4.*DEG)
QBAR(L, 3, 3)-U5(M).-U3(M)*COS(4.*DEG)
QBAR(L, 2.l)-QBAR(L, 1.2)
QBAR(L,3,1)-QBAR(L. 1,3)
OBAR(L, 3.2)=QBAR(L, 2.3)

C
THICK-PLYTHK (L )+TT-ICK
ZZ(L+1.)-TtlICK

40 CONTINUE
z( l)--1 .*THICK/2 .0
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C

C CALCULATE A Z4ATRIXI
0O 70 1-1,3
DO 60 J-1,.34
DO 50 L-1,NUMPLY
Z(L+1)-Z(1)+ZZ(L+1)
ZA-Z(L+1)-Z(L)

CA(IJ)-A(I.J)+OBAR(L.IJ)*ZA

50 C04TINJUE

C
C MATRIX 0 AfID 00 ARE DJUMMY MATRICIRS USED Itl CAJ.CUT.ATIOIS INVOLVIqG
C THE MANIPULATION OF OTHIER MATRICIES
C

O(I.J)-A(I.J)/TTIICK
60 CONTPINUE
70 COt TIVU1E

C
C COMPUTE A/THICK INVERSE MATRIX
C

I STEP-1

CALL I1WERSE(QAI)

C LAMINATE iID-PL.1A, PROPERTIES
C

EX1-1.0/AI( 2.2)
EX1-1.0/AI(2,2)
VXY1--EX1*AI( 1 *2)
GXY1-1 .0/AI(3. 3)

IF(PUTOUT(IOUTD2).EO.2.) WRITE(6,90) EX1.EY1,GXY1,VXY1
80 FORMAT(/25X,*LAMINATE PROPERTICS'/' EX - '.E9.3.2X.'EY-
IE9.3,2XOGXY - ',E9.3,2X,*VXY - ',F5.3)

C
C CALCULATE MATERIAL PROPERTIES FOR OFF-AXIS S3OLT LOhD
C
C TRANSFORMED REDUCED STIFFIIESSES PER PLY
C

THICK-0.
ALPIIA-ALPHA*3. 1415926535/1130.0
DO 90 L-1,NUtIPLY
DEG-htlG(L)*3. 1415926535/1lq0.0
DEG-DEG-ALPiIA
M-HATID(L)
0BAR(L,1,1)-Ul(M)+U2(M%)*COS(2.*DEG)+U3(M)*COS(4.*DrcJ)
QBAR(L1,12)utU4(M)-U3(Mt)*COS(4.*DEG)
rQFIAR(L.2.2)mUl(Ml)-U2(M)*COS(2.*DEG)+u3(4~)*COS(4.*nEG)
QBARCL,1.3)um.5*U2(%1)*SIVJ(2.*DEG)+U3(M)*SIrI(4.*DEG)
QBAR(L.2,3)-.cU2(M)*SI'I(2.*DCG)-U3(Mi)*SI,4(4.*DEG)
0BAR(L,3.,3)-u5(m)-u3(M)*COS(4.*DflG)
QBAR(L,2.1)OQBAR(L. 1.2)
QB3AR(L, 3,1 )-QBAR(L. 1.3)
0IIAR(L. 3, 2)-Q3AR(L, 2.. 3)

C
TIIICK-PLYTIK ( L )+TIIICK
ZZ(L+1 )-TTIICK

90 CONTINUIE
z(1)--l. *TfiICK/?. r
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c
C CALCUIJhTI &A :IATRIX

no 120 1-1,3
Do 110 J-1,3
DO 100 LI1,NUIPLY

Ah(I,.J)m)'A(I.J)+Ot3AR(L. I.J)*ZA

10CO'ITI'IIJ

120 COITI¾lIUt

C CO?1P1JT!% AA/T'! ICV, Ii;V"2RSC IATRIX(

IST.P-4

C OFF-AXI'3 1A:IPVIAT IPROPMIfTIS!

j ~VXY2--EX2*S(l1,l~)
OXY2=1.O/S( 3.3)

c
C I RITult:I

C

C CM'%CJT.AT':.S T'll: PIJVESI-)l' IF 3.'ý3 rin-rRIl

Di~iu.(iot1,1*(3,3), ,(3,.1))+Xl2*(,)X31

2 (X(1,1)*X(?,3)*X(3,2) )-(X(1,2)*x(2,1;*X(3,3) )

IEF(Dr~T.FQ.0).O) GO TO0 10

X I(2 ,1l)(X(3,2)*X(1,3)-x(l,3)*X(3,3))/DrTr
XI( 3,1)-(X( 1, ))*X( 2,3)-X(2, 2)*X(1, 3) )/DrT
:.1I(3, ',)-(X(7, 1 ~(1 3-(1 1)(23)/DTI

1') PRPIiT 20, i:ruP
2e) FORIAT( ';u'1ROUTI'1U ii~~i CMCTJLATI'.S A\ !.'3ICtJLAR ITI

1* Nvr STP'1rp i
30 CO!TIWELIM
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rC
C

SUBROUTINE LAMSTR
C
C CALCULATES THE UW?*INATE STRESSES AND STRAINS DUE TO A
C GENERAýL INPLPNE LOADIVIG WITH A B3OLT LOAD
C

COHMM0Y/TWO/ IOUT( IS) , fUMPLYNUMt!IAT, ANO(8) ,PLYTlIK () ,MATI D(M

COMMN~t/TIIREE/IANG. IL(YJ.IHIGH.STPINK,N'UMSTP
C0Mt.NDNFOUJR/PX. PY, PXY* P.PWALPIIA, BETA. DIA,CORREC'r

COMMONO'SEVEN/S( 3..3)

COMMONJEIGHT/STRESSý3,7.73),STRAIN(3,7,73)

REAL 1AAG. ILCU. huGH0
DIMENSION STR(3..7,73).U(7,73).V(7,73) .UX(7,73),VY(7,723)

C
PX-CORRE '-T PX
PY-CORRECT' PY
PXY-CORREVCT*PXY
P-CORRECTO*P
PW-CORREC'* PW

C
C

P1-3. 14159:L'6335

DO 10 J-1,NUMSTP
DO 10 K-I,1NLtPT
U (J, K) -O.*
V(J.K)-0 .0
DO 10 1-1.3

STRESS(I.J. K)u0.0

10 CONTINUE
C
c CALCULATE UNLOJNDED HOLE ITARCSSES

C
IiýPX.EQ.0.0) GO To 20
B ETAO-B ETA
CALL UNLODED(PX,DIA,AIBETAO,STRESSUV)

20 CONTINUE
C

IF(PY.EQ.0.0) GO TO 40
BETA90-BETA+90 .0
CALL UNLODED(PYDIA,AI.BETA90O.STRUX,VY)
DO 30 J-1.NUM,3TP
DO 30 K-INUMI'T
U(JK)inU(JK)4,UX(J,K)
Vt J*K) -V (J,*K)+ VY(CJ *K)
DO 30 1-1,3
STRESSC I,J, K)-,TRESS( I.J,K)+STR( IJ.K)

30 CONTINUE
C

40 CONTINUE
IF(t'XY.EQ.0.0) GO TO 70
BETA45'.BETA+45 .0
CALL UNILODED(PXY',DIAAIUBETA45,STR,UX,VY)
DO 50 Jrul.NUMSTF
DO 50 K-1,NMPPT
U(J.K)-U(J,K)+UXtJ,K)
V(J.K)-V(J,K)+VY(J,K)

L DO 50 1-1,3
STRESS(I,JK)-STRESS(IJ. K)+STR'%IJ,K)

50 CONTINUE
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C fETA45-!ETA-45 .0

FPXY'i-P'ýy

CALY. tJ 'JLOU0l)D( PXYN. DIA. A *BETA45. STR. ix. vy)
DO GO) Jin1,tIU'STP
DO 60 ',-1 * JU'IPT

V(J.K)-V(J, 1,+VY(J.K)

60 COATINUL

C
70CO4ItNUE

C
C CA1.CULATIE LW)ArW 11OL.E STRM~SES
C

IF(P.EQ.O.0) GO TO) 1130

CALL LOADEI)(PBDIA.(3,ALPIIAOSTII,UX,VY)
DO 80 J-1.!IUMiSTP

DO 830 Kin1,NUiPT
u(J.K)-U(J, K)+tLX(JK)
V(JK)u'V(J.K)+VY(J,K)
DO 00 1-1,3
STRES!3( 1.3.K)-STRESS( 1.,J,)+S3TR( 1,3, K)

nn CO?4''Y Ilt
C

ALPILIAO-AmIpIA
CALL UNJLODCD( PWl, DIA, AI, ALPIIAO, STR, UX.VY)
DO 90 J-1,14UMSTP
DO 90 K-1,,iumpTr
U(J.K)-U(I,K)+UX(J. K)

V(JK-V(JK)+VY(J, K)
DO 90 1-1,3

90 CONTITIU2
100 CONTI'UE

IF(PUTOUT(IOUT,3).E0.7.) WRITI"(5,110)
110 F0r,1AT(///2!3X,.LA~lINATE STIRCSSS'~//' DIST AflGLE x sPrRLSSI,

1 Y STRESS SIUAR IIAX. MIN~. DIRI3CTIOWi/,
2M,'X,*ST'1"SS PRI4CIPPAL PRI'ICIPhL')
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CC CALCULATE PRINCIPAL STRESSES
C

IF(PUTOUT(IOUT,3).NE.2.) GO TO 140
DO 130 JJ'm1,NUMSTP
DO 130 NN-1,NUMPT
PRINA-(STRESS(1.JJ,NN)-STRESS(2,JJ.NN))*(STRESS(1,JJNN)-
1 STRESS(2,JJ,N?'))/4.
PRN-OTPTASRS(,JN)SRS(,JN)
PRIN1m(STRESS(1.uJAIN)+r;ýRESS(2,,JJ,I4N))/2.*PRINA
PRIN2-(STRESS(1.JJNN)+SP)'(ESS(2,JJ.NN))/2.-PRINA;

TSTS-STRESS( 1.JJNN)-STRE.';9(2,JJ,NN)
DXRCT-0.
IF(TSTS.NE.0.) DIRCTm.5*MAt~i(2.*STRIESS(3,JJ.NN)/Tsrs)
DIRCTLRO0.*DIRCT/3. 1415926535

C
IF(PUTrOUT(IOUT,3).NE.2.) GO TO 140
ANG1YE-(NN-1 )*IANG+ILow-
DIST-(JJ-1 )STPltlK
WRITE(6,120) DIST.ANGLE.STRESS(I.3J.UNt),STRESS(2,JJNN),
ISTKEI't~S(3JJ.NN),PRIN1,PRIN2.DIRCT

120 FORMAT(F6. 3,F8. 25F11.2,F8.2)
H130 CONTINUE

140 CONTINUE

IF(PUTOUT(IOUT.4).Ekl.2.) WRITE(6,150)
150 FORMAT(/ '//28X.'LAMiIYATE STRAINS'//- DIST ANGLE X STRAIN',

is Y STRAVI SHEAR. WAX. MIN. 11RECTIOI4'f,

239X, -STRAIN PRINCIPAL PRIUCIPAL')
C
C CALCULATE LAMINATE STRAINS
C

DO 160 JJL.,NUMSTP
k DO 160 NN-1.NUMPT

DO 160 KK-1,3
DO 160 Bfl-1.3
STRAINI(KK,JJ,NN)-AI(KK.MM)*SlRESS(MM.,JJ.NN)+STRAIN(KKeJJeNN)

160 CONTINUE
C
C IA.LCULATE PRINCIPAL STRAINS
C

IF'(PUTOUT(IOUT.4).NE.2.) GO TO 1)0
DO 180 JJ-1,NUMSTP
DO 180 NN-1,NUMPT
PRINIA-(STRAIN(1,JJ.NIN)-STRAIN(2,JJ.NlN))*(STRAIN(1,JJ.NN)-
1 STRAIN(2,JJ,NfI))/4.
PRINA-SQRT(PRINA)-STFRAIN(3,JJ,NtJ)*.25*STRAIN(3,JJNti))
PRIN1m(STRAIN(1,JJNNi)+STRAII(?.JJ,N~4))/2.+PRINA
PRIN2-(STRAIN(l,jJJNN)+STRAIN(2,JJ.NIN))/2.-PRINA
TSTS-STRAIN( 1,JJ.NN)-E;TRI.IN(2,JJ,NIN)
DIRCTO0.
IP(TSTS.NE.O.) DIRCT-.5*ATAt4(2.*STRAIN(3,JJ,NN)/TST-S)
DIRCT-180.*DIRCT/3.141.!926535

F C
ANGLE-C (Nr-1 ) *I AJG+l LOW
;IRITE(6,170) DIST,ANGLE, STRAIN( 1, JJNN) ,STRAI N (2, JJ, NN).
1STRAIN(Z'.JJ.NN),PRITII.PRIN2,DIRCT

170 FORMAT(F6.3,FA. 2,5Fll.6, F8.2)
180 CONTINUE
190 CONTIN4UE
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C2
20CALCULATE CIRCUMFERENTIAL AND RADIAL STRESSES &:TRAINS

1//' DIST -ANGLE THETA RADIAL SHEAR THETA'
L26 RADIAL SHEAR'/21X,'STRESS STRESS

3'STRESS STRAIN STRAIN STRAIN')
IF(PUTOUT(IOUT,5).NE.2.) GO TO 230
DO 220 J-1,NUMSTP
DO 220 N-1,NUMPT
ENERGY-.5*(STRESS(1,J,N)*STRAIN(1.JN)+STRESS(2,J.N)*

41 STRAIN(2,JN)+STRESS(3,JDN)*STRAIN(3,JN))
ANGLE- (N-1) *IANG4IOXvJ
D-ANGLE*PI/180 0
DIST-(J-1 ) STPINK
R.ADSTS-STRESS(1,JN)*COS(D)*COS(D)+STRESS(2,JN)*SIN(D)*

SIN(D)+2 .*S'REsS( 3.J,N) *SIN(D)*COS(D)
CIRSTS-STRESS(1,J,N)*SIN(D)WSIN(D)+STRESS(2,J,N)*COS(D)*

1 COS(D)-2 .STRESS( 3,JN)*SIN(D) *COs(D)
SHRSfISu.-1.*STRESS(l.J,N)*SIN(D)*COS(D)+STRESS(2,JT.N)*SIN(D)*

:41 COS(D)+STRESS(3,J.N)*(COS(D)*COS(D)-SIN(D)*sIN(D))
RADSTN-STRAIN(1,JN)*COS(D)*COS(D)4STRAIN(2,JN)*SIN(D)*

1 SIN(D)+STRAIN(3,J,N)*SIN(D)*COS(D)
CIRSTN..STRAIN(1;JN)*SIN(D)*SIN(D)4STRAIN( 2,J,Nl)*COS(D)*

1 COS(D)-STRAIN(3.JN)*SIN(D)aCOS(fl)
SHRSTNin-I.*STRAIN(1,JN)OSIN(D)*COS(D)+STRAIN(2,J.N)*~SIN(D)*

1 C--s(fl)+STRAIN(.3.J.N)*(COS(D)*COS(D)-SIN(D)*SIN(D))
%fRITE(6,210) DIST,ANGLE,CIRSTSý,RADSTS.SHiRSTS,CIRSTN,RAIDSTN4,
1 SHRSTN

210 FORMAT(F6. 3.FIO.2,F12.2, 2FI1.2,3F9.6)
220 CONTINUE
230 CONTINUE

C
C OUTPUT DISPLACEMENTS
C

V3i3 .O*DIA
DISP-DIA/2.0+NUMSTP*STPINK
IF(PUTOUT(IOUIT,6) .EO.2.0.AND.P.NE.0.0.AN1 D.DISP.GT.D3) OUTPUTW6
1' CAUTION: DISPLACEMENTS AT POINTS GREATER THAN 3D AWAY
2' FROM THE HQLE MAY BE IN ERROR'

IF(PUTOUT(IOtJT,6).EQ.2..) WRITE(6,240)
240 FORMIAT(///20X,'DISPLACEMENTS'//' DIST ANGLE'IOX,'U'10X,'V')

IF(PUTOUT(IOUT,6).NE.2.) GO TO 270I Do 260 J-I,NUtISTP
Do 260 K-1,NUMPT
ANGLE- (K-I) *NG.,I LOW
DIST-(J- )*STPINK
WRITE(6,250) DIST.ANGLE.U(J,K) ,V(J,K)

250 FORMAT(F7. 3,FlO.2,F13.6.F12.6)
260 CONTINUE
270 CONTINUE

RETURN

END

31



C
C
C

SUBROUTILNE UNLODED(PDIA,AI, BETA,STRESS,U,V)

C CALCULATE STRESS DISTRIBUTION AROUND AN UNLOADED HOLE
C

COMMON/THREC/ IANG, ILOVI, I!IIGI, STPINK, NUMSTP
REAL IANG.ILOW,ItlIGH
DIMIENSION STRESS(3,7,73) ,U(7,73) ,V(7,73),AI(3.3)
DIMENSION WORK(5),COEF(S)#RTR(4),RTI(4)
COMPLEX Ri, R2,COMPLX,XIl,XI2,COM1, COM2,DEN1 ,rEN2, PHIL, P112
COMPLEX Z, ZI, Z2,Pl,P2,Ql,Q2

C
C CALCULATE COMPLEX PARAMETERS
C
C INITIALIZE COMPLEX NU?lBER: SiORT-1-)
C

COmPLX-(O.,1.)
4 NUMCO-4

COEF( 1)uAI(2,2)*1000000
COEF( 2)--.2.*AI(2, 3)*1000000
COEF(3)-(2.*AI( 1, 2)+AI(3, 3) )*loooooo
COEF( 4)--2.*AI( ., 3) *1oOC0OO
COEF(5,-AI(1, l)*1000000

CALL ROOTS(COCF,VJORK,NUICO, RTR, RTI, IE)
RI-RTR(l1) +COMPLX*RTI (1)

IF(RTI(2) .GT..0O) Fl-RTR(2)+COMPLX*RTI(2)
R2-RTI( 3)+COMPLX*RTI (3)
IF(RTI(4) .GT..0.) R2-RTR(4)+COMPLX*RTI(4)

P2-AI(1,1)*R2*R2+AI(1,2)-AI(1,3)*R2

Q2-A1(1, 2) *R2+AI (2, 2) /F.2-AI (2, 3)
C
C

PI-3. 1415926535
BETA-BETA*PI/19O. 0

C
DO 20 JJ-1.NUrISTP
DO 10 W1=1 ,14UMPT

C
U(,JJ,NN)O.O .
V(JJ,NN)-O.0
NNN-NN- 1

~jjjJJ-1
THETA~-, 4t*IANG+ LOWJ)*PI/ 130, 0
RADItJS=JJJ*STPI4K-1DIA/ 2. 0

C
C CALCULATE X & Y COORDIN1ATES OF POINTS AROUND UNLOADED HOLE
C

X=RADIUS*COS( TfETA)
Y=RtDIUS*S IN(TTIETA)

CC CALCULATE LOCATION PARANWTERS FOR UNLOA1.ED HOLE EQUATIONS

Z2=X+R2*Y
Z=X+COMIPLX*Y
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C MAPPING FUNCTION

XIl-CSQiRT(Zl*Zl-DIA*DIA/4.-R1*Rl*DIA*O)IA/4.)
XI2-CSQRT(Z2*Z2-DIA*DIA/4.-R2*R2*DIA*DIA/4.)

C
C CHOOSE CORRECT SIGN OF CSQRT

xI1-z1/xI1
X12-Z2/XI2

C

IF(REAL(XI2).LT.-.0OO01) X12--l.*XI2
C

XII-1.--XII
X12-1.-XI2

C
C CALCULATE Pill PRIME
C

COM1ilR2*SIN(2.*BETA)+2.*COS(BETA)*COS(BETA)+COMIPLX*(2.-R2*
I SIN(BETA)*SIN(BETA)+SIN(2.*BETA))
COM2-Rl*SIN(2.*BETA)...2.*COS(BETA)*COS(13ETA)+COMPLX*(2.*Rl*
1 SIN(BETA)*SIN(BETA)+SIN(%2.BETA))

C
DEN1-2.*O)IA* (RI-R2) *( 1.+CaMPLX*Rl)
DEN2-s2.*DIA* (Rl-R2)*(1.+COMIPL.X*R2)

PHI1II-COMPLX*P*DIA*COM1l*XI1/( 2.*DEN1)
P[112-COMIPLX*P*DIA*COtl2*XI2/ (2. *DEN2)

C ChLCUL.ATE STRESSES AROUND HOLE

I R2*R2*PI112)
4 STRESS(2,JJ,NIN)ýP*SIN(BETA)*Stlr(I3ETA)+2.*REAL(PlII1+PHI2)

STRCSS(3,JJ,NIN)-P*SIN(BETA)*CCS(BETA)-2.*Rl&AL(Rl*PHI1l+
1 R2*P1112)

C CALCULATE DISPLACM~ENTS
C

XI1=1.-XII
X12=1.-XI2

C

XII=Z2/XI2

DE!42=16.* (Rl-R2)*(Z2+XI2)

PHI 1=-P*DIA* DIA* (CoMIPLX+Rl) *Co%1/DEN1
Pt112=P*L)IA*DIA* (COMPTLX+R12) *COM2/rFN2

C
1J(JJ,tJN)=2. *REAL(P1*PEII1+P2*P11I2)
V(JJ, NN)=?. *PEAL(Q1*P',iI1+Q2*PfII2)

10 cowNTIUE
20 COWTIUE,

RETURN
END
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F-,

C
SURUIECAE(,I,,LlAS11:SUV

C

C CALCULATES STREgS DISTRIB3UTION AROUND A LOADED HOLE
C ASSUMING A COSINIE BOLT LOAD DISTRIBUTION
C

COMM4ON/TlWO/ IOUT( 13) N'~UMPLY,NUMMAT, ikNG(8) * PLYTtIK(9) 44AT~t)(3)
COMMON/TIIREE/ IANG, ILOW, I HIGHI, STP INK, NUMSTP

C
REAL IANG, ILOWJ, ILIGH

COMPLEX R1,R2,COMIPLX1 Z,Z1,Z2,CPOS(50),CNEG(50),CZERO,CM,

COMPLEXK ClUECK1,CHECK2,Pl,P2,QlQ2I
C

COMPLEX A1(50),A2(50)
DIMENSION AMATRX (4 #4), BlIATRX (4,4), STRESS (3,7, 73)
DIMENSION U(7,73) ,V(7,73) ,S.(3.3)
DIMENSION WORK(5),COEF(5),RTR(4),RTI(4)

C INITIALIZE COMPLEX NUMBER: SQRT(-1.)
C

COMPLX- (0. , 1.)
C
C CALCULATE COMPLEX PARAIIETERS

NUMCO=4

COEF(1)=S(2, 2)*1000000
COEF(2)=-2.*S(2, 3)*1000000
COEF(3)=(2.*S(1,2)+S(3,3))*11000000
COEF(4)=-~2.*S(1, 3)*1000000
COEF(5)=S(1, 2*1000000
CALL ROOTS(CO1&F,WiORK,NUIMCO, RTR, RTI, Iii)
R12RTR( 1)+COMPLX*RTI (l)
IF(RTI(2) .GT.O.0) R1=RTR(2)+CcX12LX*RTI(2)
R2=RrR( 3 ) COMPLX*RTI (3)
IF(RTI(4) .GT.0.0) R2=RTR(4)+COMPLX*RTI(4)

c

P2-S(1,1)*R2*R2+S(1,2)-S(1,3)*R2

Q2=S(1,2)*R2+S(2,2)/R2-3(2,3)

C
C

PI=3.1415926535

TIIICK=O.
DO 10 N=1,NUMPLY
TllICK=THICK4PLYT lK '(N)

10 CONTINUE
P=4. 0*P/PI
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C A
C A COSINE LOAD DISTRIBUTION4 OVER RIALF OF TIOLEATNAGL

FC ALPHA TO X AXIS
C
C CALCULATE COtMPLEX CON4STANTS
C

P12-PI/2.0
14--l

20 CON'TINUE

.LF(II.EQ.i) GO TO 40
30 COtJTINUE

Ci=SIi( (M-1)*PI2)/(2*(M-1))
C2-SIN( (tl.1)*P12)/(2*(rF,.I))

C6=COS( (M-i)*PI2)/(2*(M+1))

Cf3=C0S((M+11)*(-PI2))/(2*(M-1))

IF(M.EQ.0) CZERO=CM
iF(M.GT.1) CPOS(M)=C?4
IF(M.LT.-1) MN=-I*M

IF(M.LE.0) GO TO 50

GO TO 30
40 CONTINŽUE

Cl=P12
C2=SIN(2.' (P12) )/4.

C4=SIN( PI2)*SItl(PI2)/2.
C5=SIN(-PI2)*SI14(-PI2 )/2.
CrI=P*((C14+C2-C3)-M*COMIPLX*(C4-C5))/(2.*PI)
IF(M.EQ.i) CPOS(1)CH
IF(!M.EQ.-l) CNEG,(i)=CM
IF(ti.'PO.-l) GO TO 50
M=-L**L¶
GO TO 40

50 CON'TINUJE
M=IANBS( M)
IF(M.LT.49) GO TO 20

C TRANSFORM C01PLEX P1ARNIETERS INTO REAL ?\UD IMAGI14ARY PARTS
C

SL=REAL(RL)
S2=RE.AL(R2)
Ti=AIMAG( RI)
T?=AINIAG(R2)
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C EQUATIN4G COEFFICIEN4TS AND SOLVING FOR COtISTANTS
C

DO 80 H-1,45
MN-M- 1
IF(XN.NE.0) GO TO 60
I3XATRX( 1.)-REAL(-CZERO*DIA/ 2.)
BMIATRX(2)-AIM.AG(-CZERO*DIA/2.)
3O TO 70

60 CONTINUE
BMATRX(l)-REAI.(-CPOS(.MN)*DIA/(2.*(MN+1)))
BUiATRX(2)-AI~1ArGC-CPOS(r1IN)*DI&/(2.*(MN+1)))

70 CONTINUE
tlN-M!+l
MNEGin-1 *fIJ
BMATRX(3)-REA7.(-CNEG(.1N)*DIA/(2.*(MN4EG+1)))
BMATRtX(4)-AIf4AG(-CNL'GCMN)*DIA/(2.*(r-INEG+1)))
AMATRX(l1 1)-Tl+l.
AMAT RX ( 1,* 2) -S 1
AMATRX(1.3)-T2+1.
AMATRX( 1, 4)-S2
AMATKX(2, l)-Sl
AMIATRX(2. 2)--Tl-l..
AHATRX( 2,*3 ),S2
A:4ATRX(2.4)--T2-l.
AM'ATRX(3, 1) -1. -TI
A,',ATR.(3, 2)--S1
A-1ATRX (3, 3) -1. -T2
A~tATRX(3,4)--S2
AI1ATRX(4, 1)-Si
AMATRX(4,2)-l.-TI
AIATRX(4. 3)-S2
AidATRX(4.4)-l.-T2
CALL SIMULT(AM1ATRX,B:lATR1U(4,J)
IF(J.EQ.1)OUTPUT(6)' SIAULT CALCULATES A SIn'GULAR SET OF EQS.'
Al (M) =8M7ATRX( 1 )COM-PLX*BWIATRX( 2)
A2 ni) -11n1TRX (3) I-CCV.PLX*TV*IATRX( 4)

80 CONTINUE
C

PX-2.*PI*AIMIAG-(COMPl-LX*DIA*C'IhG(1)/2.)
PY-2.*PI*REAL(COMPLX*D)IA*P"IEG(1 )/2.)

AfIATRX(lD 1)=Ti
AŽ4ATRX(1, 2)in51
ArIATRX ( 1 ,3 )-T 2
AMATRX( 1,4)-S2
AŽIATRX (2, )-0. .0
AM1ATRX (2, 2 -1 .0
AMATRX (2, 3)-0. 0
AftATRX(2,4)=1 .0
A!iATRX( 3.1 )=2.*SlT1
Ar IAT R ( 3, 2 =Sl1*S 1 -T 1*T 1
AMATRX(3,3)=2.*SI*T2
AAtATRX(3 4 )-S2*S2-T2*T2
APiATRX(4, I)--Tl/(S1*Sl+Tl*T1)
AXIATRX(4,2)=Sl/(Sl*31+Tl*Tl)
A.MATRX(4, 3)--T2/(S2*G2+T2*r2 )
AIIATRX(4, 4 )S2/ (S2*S2+T2*T2)
iMAT RX 1 )P X/ ( 4.*PI)
~33AT RX 2 )=-PY/ ( 4*p I
BI3ATRX(3)-(S(1,2)*PY+S(1,3)*PX)/(4.*PI*S(1.1))
BtlATRX(4)--(S(1,2)-PX+S(2,3)-PY)/(4.*pI*S(2.2))
CALL SIMULT(AMATRX,BIIATRX,4,J)

IF(J.EQ.1)OUTPIUT(6)' SInIULT CA~LCULATES A SINGUL.AR SET OF EQS.'
AKC:A~(1)C~~'~A~ 2AKI-1:tTX1VM L*BA X2
AK 2=B t AT RK 3 )+COM P LX Bt ATRX( 4)
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C
NUMPT-( (IIIIG"-ILO;) /IAM',G)+l
ALPIIA--ALPIIA* PI/ 180. 0
AlPH--ALPHA
DO) 150 JJ-l,tlUtISTP

C DO 140 NN=1,NUUt¶PT

U(JJ.NN)-0.0

RADIIJS=JJJ*STPIt4K+DIA/2 .0

C CALCULATE X AND Y COORDINATES OF POINTS AROUND LOADED HOLE

X-RADI0S*COS (THErTh+ALPf!A)
Y=RADIUS*S IN( THETA+ALPlIA)

C
C CALCULATE PARA!117TERS FOR LOADED HOLE EQUATIONS
C

Z1=X+R1*Y
Z2=X1R2*Y
Z=X+COMPLX*Y

C
C M4APPING FUJNCTION

C
C

XXI1=CSQRT(Z1*Z1-DIA*DIA/4.-R1*Rl*DIA*DIA/4.)
XX12=CSQRT(ZI*Z2-DIA-DIA/4.-R2*R2*DIA*DIA/4.)

C CHOOSE CORRECT SIGN OF CSQRT
C

90 CONTINUE
XI1=Z +XXI 1
X12=Z2+XXI 2
XI1=2.*XI1/(DIA*(l.-COt1PLX*R4))
X12=2.*XI2/(DIA*(l.-COMPLX*R2))
COX1=REAL(XI1)*REAL(XI1)+AIMAG(Xll)*AIMAG(Xll)
COX2=REAL(XI2)*REAL(XI2)+AIMAG(XI2)*AIMAG(XI2)
IF(COXI.GE. .99999) GO TO 100
XXI 1-XXI 1
GO TO 90

100 CONTINUE
IF(COX2.GE. .99999) GO TO 110
XX12=-XXI2
GO TO 90

110 CONTINUE
XXI1~XI1
XX12=XI2

C
C CALCULATE P1I PRIME
C

Coml1(0. 0.)
C0M2-(0 . ,0.)
DO 120 M=1,45
COM1ilCOML+M*A1 (M)*Xi1**(-1*M)
COM2-COM2+M.*A2(M)*XI2** (-1*M)

120 CONTINUE
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C
C CHECK SIGN OF CSQRT
C

XII=CSQRT(Zl*Zl-DIA*DIA/4.-DIA*DIA*Rl*Rl/4.)
L X12=CSQRT(Z2*Z2-rYIA*DIA/4.-DIA*DIA*R2*R2/4.)

CIIECK1=Z1/XI I
4 ~CIECK2-Z2/XI 2

IF(REAL(CIIECK1).LT.-.O0O01) XI1=-l.*XI1
IF(REAL(CHHCK2).LT.-.00001) X12=-l.*XI2

r PHI1=(AK1-COM1 )/XIl
PliI2=(AK2-COM2 )/XI2

C
C CALCULATE STRESS COMPONENTS IN LAMINATE AT COORDINATES X,Y
C

STRýX=2.*REAI,(Rl*Rl*PllI1+R2*R2*PIII2)
STRY=- . *REAL ( PHII+PTII2-)
STRXY=-2. *REAL (Rl *PHiI +R2*PHII2)

STRESS(1,JJ,NN)=STRX*COS(ALPI)*COS(ALPUI)+43TRY*SI'.i(A.LPII)*
1 ~~SIN(ALPH) -2. *STRX)U*SIN(ALPl) *COS (ALP1I)

STRESS(2,JJ,NN4)=STRX*S3IN(ALPII)*SIN(ALPII)+STRY*COS(ALPII)*
1 COS(ALPH)+2.*STRXY*SIN4(ALPFI)*COS(ALPH)
STRESS(3,JJNN)=STRX*SIN(ALPH)*COS(ALPl1)-STRY*SINL(ALPH)*

1 COS(ALPtI)+STRXY* (COStALPtl)*COS(ALPfl)-

2 Sltl(AT.Pfl) *SIN(AT.P~i) )i
C
C CALCULATE DISPLACEMENTS
C

XI1=XXII
X12=XXI2
Com1=(O. ,0.)
COM2=(0. 10. )

DO 130 M=1,45

CON42=COM12+A2(i) *XI2**(..1*M,)
130 CONTINUE

XXII=CLOG'XIl)
XXX 2=rLOG(XI2)
PHII=AKI*XXI 1+COtM1
PHI2=AK2*XXI 2+COMI2
U(JJ,NIN)=2 .*REAL(P1*PFII1+P2*P1112)
V(JJ,NN)=2.*REAL(Q1*PTII1+Q2*P1112)

C
140 CONTINUE
150 CONTINUE

C
RETURN
END
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C

C

C SUBROUTINE PLYSTR(IFAIL)
C

c TRANSFORMS LAMINATE STRAINS TO PLY STRESSES/STRAINS BY ASSUMING
C CONSTANT STRAIN THROUGH THE THICKNESS

ComHON/ONE/El(3),E2(3),Gl2(3),Vl2(3)
COMIION/TWO/IOUT(15),NUHIPLY,NUMKAT,ANG(8),PLYTHK(a),MATID(9)
COMMIO'4/THREE/IANG, ILOWl,IHIGH,STPINK,NUMSTP
COMI4ON/EIGHT/STRESS(3,7,73) ,STRAIN(3,7.73)
COMtION/NINE/STR1(8,7,73),STR2(8,7,73).STR12(8,7,73)
REAL IANG, ILOW, IHIGH

C
C
C STRAINS PER PLY
C

MOVE-0
NLJMPTE( (IlI1Ic;-ILOW)/IANG)+l
IF(PUTOUT(IouT,7)EQ.2.) WRITE(6,1O)

10 FOR1MAT(///2OX,'STRAINS PER PLY',//' DIST ANGLE PLY',
V STRAIN 1 STRAIN 2 SHEAR STRAIN'/)

20 CONTINUE

DO 40 JJ-1,NUMSTPii DO 40 NN-1,bIUMPT
DO 40 L-1,NUMPLY
D-ANG(L) '3. 1415926535/180.0
STRI4NX-STRAIN( 1,JJ,NN)
STRANY-STRAIN( 2,JJ.NN)

C GAtlA-STRAIN( 3,JJ.NN)
C TA1SRN'O~)*O(D

STRAN1-STRANYSIN(D) *CSI( D)
STAMA12-GTANYASIN(D)*CSI(D)
GATA12(L, JJ * NN)-STRANLSTRN2GAA
SR(,JN)STRAN1+STRANX*SGAM) 'I1D
STRANI-STRANYCOSIND)'CSI( D)
GTAXA2--1 .ANYA'SN(D)*COS(D)
STRA2-L, JJ.NN)-STRN1+STRACOSGA(A)
STR2(LJ-,N.)STRANX*SIN(D)COS(D)2
STRAN12-2 .*STRANY'SIN(D)*COS(D)
SAMA12=2G*SMACO *SIDN*(D)*CAA*IND)SI(D
STRA12(L, JJNN)STRAN1+S(RAN2GAMA*SND*SND

C T1(,JN)SRN+TA2GM1
ANL(N1)'AGIC
DISTE(JJ-1 )*IANG+ILO
DIF(T-U(IOU)*T,7 E.2)WIE(,0DITAGEN()
1STR(LJJNN)TR( LJJNNQ.2 ) WRTR1(L,JJ)IS,ANGN) AG(

30 FRMA(F6.3.2F8.T2(,3F12.6),SR2LJN
C 0FRA(63,F.,F26

C
C
C

40CNIU

IF(MOVE.EO.1) GO TO 90
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C
C STRESSES PER PLY
C

IF(PUTOUT(IOUT,$3).EQ.2.) WRITE(6,50)
50 FORtMAT(///20X,'STRESSES PER PLY',//' DIST ANGLE PLY',

is STRESS 1 STRESS 2 SHEAR STRESS'/)
DO 70 JJ-1,NUMSTP
Do 70 NN-1,NtlJPT
DO 70 L-1,NUMPLY
M-MATID (L)
V21-V12(M) *E2(M)/El (M)
DEN-l.-Vl2(M)*V21
ABC-STR2(L, JJNN) /DEN
BCA-STRI (LJJ,NN)

C
STR1(LJJ.NN,')iEl(M)*STR1(LJJ~tWt)/DEN+Vl2(M)*E2(?%I)*ABC
STR2(L.JJ.Ntl)-V12(e1)*E2(M1)*BCA/DEtl.E2(ý1)*A3JC
STR12(LJJ,NN)-STR12(L,JJ,.!m) *Gl2(4M)

C
ANGLE'.(NtN- ) *IANG+IILOI
DIST-(JJ.-1 ) STPINIK
IF(PUTOUT(IOUT,8).EQ.2.) W4RITE-(6.60)DISTANGLEDANG(L),

1STR1( L.JJNN),STR2 (L, JJ, MN). STR12 (L. JJ, MN)
60 FORIIAT(F6.3,2F8.2.3Fl2.2)

C
70 CONTINUE

MOVE-1
IF(IFAIL.EQ.1) GO TO 20

80 CONTINUE
C

RETURN
END

C
SUBROUTINE FAILURE

C
C POINT STRESS/STRAI'l ANALYSIS FOR FAILURE USING UNIDIRECTIONAL
C MATERIAL ALrJOV4ABLES
C

COMIMON/TWIO/IOUT( 15) ,NUMPLYNUMMAT,ANG(8) ,PLYTRK(9) ,MATID(8)
COMtIONt/TtIREE/IANG. ILOW. JHIGH-, STPINKNUMSTP
COMitON/ FOUR/ PX, PY, PXYD P,*PWALPHIADBETA, DIA, CORRECT
CO,ýfl4,ON/FIVE/FXT( 3) .FXC( 3) ,FYT(3) ,FYC( 3) .FXY(3),*IFAIL
COMtIOI4/NINE/STRI(8,7,73),STR2(8,7,73),STR12(8,7,73)
REAL IANG, ILOl, IFIIGHl
DIMIENSION PLYFAII,(3,8),FAILS(3,O),,RATIO(3,8),PLYRATO(3,8)

C
IF(PUTOUT(IOUT,9).NE.2.) GO To 40
IF(IFAIL.GT.2) GO TO 20
WRITE(6, 10)

10 FORtHAT(///20X,'FAILjURE CRITERIA PER PLY'.,//' DIST ANGLE '

1' PLY'112X,'FAILURE NUMF3ERS'/35X.'l 2 SHEAR')
GO To 40

20 CON4TINUE
WRITE(6, 30)

30 FORIIAT(///20X,'FAIIAUjtE CRITERIA PER PLY',//' DIST ANGLE',
if PLY FAILURE FAILURE RATIOS'/32X'NUMBER

2' 1 2 SH-EAR')
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CIIECK-0.
KKKX4
P2-0. 0
F3-0.0
NUMP-( (IHI4IO-ILOW)/IAN )+I
DO 170 JJ-1,NUMSTP
DO 170 KK1I.NUMPT
SIG-1 .0
DO 160 11I-1,NUMPLY

Y-STR2(II.JJ.KK) *
XY-STFL12( IIDJJKK)

MATII-MATIO( II)

Go To (50.50,60,70,80) IFAIL

C
C 0 MONXINUMETESSRI

C

FX-FXT(MIATII)
IF(X.LT.0.0) FX-FXC(MATII)
FY- mT (Mm I I)
IF(Y.LT.0.0) FY-FYC(MATII)
FI-X/FX
F2.Y/FY
F3-XY/FXY(MATII)
GO TO 40

CI C60 CONTIN4UE
C
C TSAI-HILL CRITERIA

C x-FTr( MATI I)

IF(X.LT.O.0) FX-FXC(MATII)
FY-FYT (MATI I)
IF(Y.LT.0.0) FY-FYC(M4ATII)
Fl-X*X/(FX*FX)+Y*Y/(FY*FY)-X*Y/ (FX*FX)+

1 XY*XY/(FXY(HATII)*FXY(MATII))
RATIOX-(X/FX)/SQRT(FI)
RATIOYa.(Y/FY)/SQRT( Fl)
RATIOXY-(XY/FXY(MATII) )/SORT(FJ.)
GO TO 90

C

70 CONTINULE
C
C MODIFIED TSAI-WU CRITERIA
C

Fl-i ./FXT(MATII)-1 ./FXC(tlATII)
F2-l ./FYT(X4ATII)-l ./FYC(MATII)
F11'm1./(FXT(MATII)*FXC(MATII))
F22-l./(FYT(f4ATII)*FYC(MATII))
F66-l./(FXY(MATII)*FXY(MATII))
F1.mFl*X4+F2*Y+Fll*X*X+F22*Y*Y+F66-'XY*XY
FX-FXT(MATII)

F ~IF(X.LT.0.0) FX-FXC(HATII)
FY-FYT CMATI I)
IF(Y.LT.O.0) FY-FYC(liATII)
FI-ABS(Fl)
RATIOX-(X/FX )/SQRT( FL)
RATIOY-(Y/FY)/SORT(Fl)
RATIOXY'.(XY/FXY(MATII) )/SQRT(FL)

GO TO 90
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80 CON4TINUE
C
C HF0FM~AN FAILURE CRITERIA
C

Fl-l ./FXT(MiATII)-1 ./FXC(t.IATII)
F2-l./FYT(M4ATII)-l./FYC(MATII)

F22-X ./(FYT(MATII)*FYC(flATII))
F66w1./(FXY(MATI!)*FXY(MATII))
F12--l.1 (FXT(MiATIX)*FXC(MIATII))
Fl-F 1*X+F2*Y+Fl 1*X*X+F22*Y*Y+F12*X*Y+P66*XYlýXY

IFX'.FT(MATII) PX-FXC(MATII)

Fl-ABS(Fl)

RATIOX-(X/FX)/SQRT(Fl)
RATIOY-(Y'/FY)/SQRT(Fl)
RATIOXY-(XY/FXY(MATII))/SQRT(Fl)
GO TO 90

C
C

90 CONTINUE
C

ANGLE-(KK-1 ) IANG+ILOW
DIST-(JJ-l) *STPINK
IF(IFAIL.GT.3) GO TO 110
IF(PUTOUT(IOUT,9).EQ.2.) %iRITE(6,100) DISTANGLEANG(IIY,,

lFl.F2,F3
100 FORfIAT(F7.3,2F10.2.3Fl0.3)

GO TO 130
110 CONTINUE

IF(PUTOUT(IOUT,9) .EQ.2.) WiRITE(6,120) DISTANGLE,ANG(II),
llE, RATIOX. RATIOY. RATIOXY

120 FORi.iAT(F7.3,2F10.2,4Fl0.3)

130 CONTINUE
C
C AUTOMIATIC SEARCHi FOR FAILURE~ ROUTINE
C

IF(SIG.EQ.2.) FAIT..s(1. 11)-Fl
IF(SIG.EQ.2.) FAILS(2,II)-F2
IF(SIG.EQ.2.) FAILS(3,II)-F3
IF(SIG.EQ.2.) RATIO(1.II)-RATIOX
1F(SIG.EQ.2.) RATIO(2,Il)-RATIOY
IF(SIG.EQ.2.) RATIO(3,II)-RATIOXY
IF(JJ.tNE.2) GO TO 150
PLYtCAIL( 1,I1)-Fl
PLYF&IT.( 2. II)-F2
P LYF AIr4. 3, 11)-F 3
PLYRI4TO( 1,11)-RA.TI0X
PLYRATO(J2, I I) )-RIlTIOY
PLYRAT0( 3, 11)-RATIOXY
CIIK-CIIE:CK
IFCABS(CIIECK) ,I.T.ABS(F1)) CHECK-Fl
IF(AflS(CllECK) .ur.AIIS(F2)) CIIECK-F2
IF(A3S(CIIECK).L.T.ABS(F3)) CIILCK-F3
IF(C~IIECK.EQ.CK-K) GO TO 150
KKK-KJN

DO 140 11-1,111
DO 14') N-1, 3
FAILS (!. 'A)-PLYFhIL( ', M)
&~AT I () (, M) -PLYRATO (A M)

140 COtlTIN4UE
150 CONTI:4UE
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160 CONTIN4UE
170 CONTIN~UE

C

IF(CHECtý.9Q.0.0) GO To 260
IF(IFAIL.EQ.l) CORRECT-1.0/AI3S(CIIECK)
IF(IFAIL.EQ.2) CORRECT-1.O/ABS(CIIECK)
IF(IFAIL..EQ.3) CORRECT-1.0/SQRT(CIIECK)
IF(IFAIL.EQ.4) CORRECT-i .0/SQRT(CHECK)

IF(IFAIL.EQ.5) CORRECT-i .0/SURT(CIIECK)
C

IF(PUTOUT(IOUT,10).Nl:..2.1 GO TO 250
IF(CORRECT.LT. .999.OR.COIIRECT.GT.1.001) GO TO 250
ANGLE-(KKK- ) *I7AcG4.l0OW

IF(IFAIIL.GT.2) GO TO 210
WRIT1E(6,11i0) PX.PYPXY,P

IflO FORtIAT(///20X,'AUTalATIC s1rARCl FOR FAILURE'//25X.I IFAILURE sTrRESSES'/1F9X,'PX.,10X,'PY.10X,'PXY.10X.'P-/.
211X.4Fl2.2//9X,'DIST ANGLE PLY FAILURE NUMBERS'/#
336X.-l 2 SIM!AR)

DO 200 I-1,.IU1PLY
WRITiE(6,140) SPKAGEAi()Fi~,i

190 E'ORZlAT(Fll.3,'F9.2jFLO.2, 3FI3.3)
200 CON1TIIUE

GO TO 260

210 CO1TINUE
WJRIT';"(6,220) PXUPYPXY,P

220 FrOMiAT(///20X.'AUT0(1ATIC SEARCH FOR FAIrAJRE"//25X*
1*FAITAJRE STRESSIS'/189X,'PX*,10X,'PY',10X,'PXýY10X,.Pm /,
211X.4FI2.2//5X,2 DIST ANGLE PLY FAILURE
39X,'FAIT..URE RATIOS'/35X,.UMBER.,7X.1,9X,'2D,7X.S~IEAR-)
D0 140 I-1,NUMPLY

1 RATIO(2,I),IIATIO(3,I)
230 FO&MAT(Fll.3,F9. 2,Fl0.2,,4Fl0.3)
240 COtiJTIrJUE
250 COMTI4'UE

C
C

260 C01TItlUE
IF(Ptfl'OUT(I0UT.10)).!JE.2.) CORRECT-1.0
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'k At* V Ar* I t Ar* Or **It * I tI ~It * **I ItIt I*F** It ** It** * 4 It ft I

r7- rr? OR~ AL,01)IU&I'IC ';': rlGut.NRI'rY kDrOM 01/10/79
DI.IEN*3I(.)r4 A('L ),B ( L

c ~4AC1I):1, -PS31'rON F" MYIER SIN:~GLE PRE:CISION

.TJJ-J'

IJ-IT+I

20 13IGA-M I.)

IF(AIS( OlGA) C.T. BSTA):3CTTN-AD (RICA)
IF(A.1S(rl!GA)-TOL*BCTFN) 35, 35.40

35 7,s-l
RETU RJ

4) I11-J+:'I (J- 2

1:10 50 '(-3.1

12-Ii+i 'r
SAV-A (11i

59A( I!)-A(I)/iI

5n M3' )-?i(I! )/BIGA

I TJ -B IIX X

DO 60 JX-JY.Nl

IXJC.1'* (3'(-1.)+IX
J JX<-IXJ;(+IT

65 l~(IX)-B(IX)-(ftI(*P,(IXJ) )
70 1Y-N-l

]',%= I T-Cf

DI1 90 P-1.3

80 IC-IC-'1
RETURN

El NI
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SUBIROUINTE R00TS(XCOFCOF,t1,ROOTR,ROOTI.IER)
DMEN1*S 1Or xCOF (M) .COP (M) , RO(OTR ( M) , ROOT 100)
DOUBILE PRECISION XO,YOX,Y,XPR.YPRUX,UY,V,YT,XT.U

1 , XT2, YT2 , SWISQ,0 DX, DY, TEMP, ALMIA, FI
2 Wl~PR9C,TOL

C RELATIVE MACIIINE PRECISION (TEST FOR 'ALnOST ZERO')
DATA RMPREC/1.OD-14/ *TOL/I.OD-4/
IFIT-O
N-M

IER-O
IF(XCOF(N+1)) 10,30,10

10 IF(N) 20,20,50
20 IER-1

GO To 360
30 1 *2R-4

GO TO 360
40 IFR-2

GO TO 360O

50 IF('I-36) 60,60,40
60 ?IX-rl

Nxx-M+ 1

KJL - N41

Do 70 L-1,KJ1
MT-KJI-L+l

70 COF(MNT)-XCOF(L)
80 XO-.0050010100

YO-0. 0100010100
I N-0

90 X=XO
X0=-l0.DO*YO
YO=-10. D0*X
x-xO

GO TO 110

100 1FIT-1
XPR='X
YP R-Y

110 ICT~=0
120 UX-0.DO

UY-0 * 0
V =0.00
YT-0. 00
XT= 1.00
U=CoF(N+1)
IF( DAfS (if) .b1,E. R-MPREC) GO TO 200

130 Do 140 1=1,\T
L -*N--I+l
TUiP=COfl( L)
XT2-X*XT-Y*YT
YT2-~X*YT+Y*XT
U-Ut+TEMP*XT2
V-V+TENIP*YT2
FI-I
u x=4jx+rFI *XT *TrM'IP

UYtF* YT*, rEu'
XT=XT 2

140 YTrYT2
SUttIS-UX* UX+U Yh uy
1F(SlJMSQ.LE.R!IPvzrc)GO TO 230

150 DX-(V*UY-U*UX)/SUMSQ
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X-X+DX
DY-- (U*rJY+V*UX )/ SUMSO

160 IF( DAIIS(DY)+ DABS(DX).LE.TOE.) GO TO 210

GO TO 360
210) 00 220 L-1,NXX

!ITKJ 1-L+l
RTrMP-XCOF( MT)
XCOF(IT).COE'(L)

220 COF(L)-RTEMP
ITaMP-N

NXinIT!CMP
IF(IFIT) 250,100,250

230 IF(IFIT) '.40,90,240
240 X-XPR

Y-YPR
GO TO 210

250 IFITO0I 260 IF(DAfls(Y)-l.0D-4*DABS(X)) 290,270,270
270 ALP4IT-X+X

SUMSQ-X*X+Y*.Y
N-N-2
GO TO 3300

290 X-0. DO

NXX-W.(X- 1
290 Y-0.DO

SUMSQOO DO
ALP FIA

300 COF(2)=COF(2)+ALPHPL*COF(1)
310 DO 320 t.-2,N
320 COF(L+1)=COF(L+1)*ALPIA~*COF(L)-SUMISQ*COF(L-1)
330 R0OTI('4J2)=Y

R00TR(12 )-X
N2-N2+1
IF(StJMS0. IF. RMPRCC) GO TO 350

340 Y--Y
SUISQ-0.DO
GO TO 330

350 IF(N.GT.O)GO TO 80
360 RETURN~
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